BIOCHEMICAL SOCIETY TRANSACTIONS
that initial rates of iron uptake into femtin fractions of different iron contents are maximal for half full molecules, since such molecules have the greatest area available for iron deposition on their iron-cores. We have also confirmed this prediction.
A number of cation-binding sites (for UOZ2+ and Tb3+) have been located on the inner surface of the apoferritin shell by X-ray analysis (Banyard et al., 1978) . Since we find that Tb(II1) both inhibits Fe(I1) uptake and competes for Zn(I1) sites, one or more of the Tb(II1) positions may represent the nucleation sites proposed by Macara et al. (1972 Ferritin is an iron-storage protein of wide distribution, comprising a protein shell and an 'iron-core' of hydrous ferric oxide-phosphate. The protein, apoferritin, is composed of 24 subunits arranged as a spherical shell (Banyard et al., 1978) . On isoelectric focusing a ferritin preparation from a single tissue shows a number of bands, often called isoferritins. Drysdale and co-workers (e.g. Arosio et al., 1978) have suggested that isoferritins result from hybrid formation from two subunits differing in primary structure (giving 25 isoferritins in all). On the other hand post-translational changes may be the cause of heterogeneity. It has been suggested that each isoferritin has a different affinity for iron, related to its subunit content, giving each isoferritin a specific functional role (Wagstaff et al., 1978) . On the other hand Russell & Harrison (1978) have shown that the rate of iron uptake of horse isoapoferritins is related to their original iron content, those derived from isoferritins with high iron content taking up iron faster than those from iron-poor ferritins. However, within a single tissue ferritin (in horse), the trend in iron content parallels a trend in isoelectric point and hence, possibly, of subunit content. It seemed therefore important to try to separate the effect of protein from the effect of (original) iron content on the rate of Fe(I1) uptake by isoapoferritins. To do this we have prepared and fractionated ferritin from rat liver.
Liver ferritin was prepared from ion-loaded rats (essentially by the method of Linder & Munro, 1972) and fractionated by preparative isoelectric focusing. Ten bands focusing from PI 4.78 to 5.53 were collected, of which the four major bands, IV to VII inclusive, pI4.95 to 5.23, comprised 73 k 3% of the total protein.
Iron and protein were measured in each component aRer dialysis respectively as the bipyridine complex and by the Lowry method. It was found that, unlike horse liver or spleen ferritin, where there was a marked relationship between PI and iron content, the rat liver isoferritins showed only a slight trend. Over the main bands the iron content increased slightly from acidic to basic, although the most basic, minor, bands had relatively little iron. Iron was removed by reduction with thioglycollate, and the rate of Fe(I1) uptake into the isoapoferritins was studied, as Fe(NH,),(SO,), being added to the isoapoferritins (0 and 4 25pg of protein/ml; 0 , 50pg of protein/ml). In (b) iron uptake was measured in 20m~-4-(2-hydroxyethyl)-1 -pipernine-ethanesulphonic acid/NaOH buffer, pH 7.0, 0.07 mM-Fe(NH,),SO, being added to mixed 'isofemtins' (0, 30pg of protein/ml) or to electrofocusing band V (0,50pg of protein/ml). Fig. l(a) shows that, except for bands I and X, all the isoapoferritins had similar rates of Fe(I1) uptake, so that no correlation between these rates and protein charge could be made. Each isoferritin was next fractionated by sucrose-density-gradient centrifugation. It was observed that each isoferritin contained molecules with a wide spectrum of iron contents, but that the more acidic isoferritins had a higher proportion of iron-poor ferritins than the basic components, which also contained more iron-rich ferritin. Uptake of Fe(I1) into band-V density-gradient subfractions was studied after removal of iron. Fig. l(b) shows that rates of uptake of Fe(I1) were related to the original iron content of the subfraction. It appears therefore that it is the initial amount of iron present in the ferritin that determines the rate of iron uptake into the apoferritin in vitro, and not some property of the protein alone (such as subunit composition) on which its isoelectric point depends. Clinical assessment of myocardial infarction is routinely carried out by measurement of enzymes released into the blood from the damaged myocardium. Such enzymes are not ideal markers of heart muscle damage, however, and the specificity, sensitivity and quantification of diagnosis might be well improved by the detection in the serum of infarct patients of heart-specific protein species by structural, rather than enzymic, analysis. The detection of suitable proteins will entail a systematic comparison of the polypeptide compositions of control and post-infarct sera as well as a study of the protein components of heart muscle and other tissues. Sensitive high-resolution techniques for the analysis of complex mixtures of proteins, in particular twodimensional polyacrylamide-gel electrophoresis (O'Farrell, 1975) and crossed immunoelectrophoresis (see Axelsen et al., 1973), have now made such a study possible.
8"
Proteins released from the heart after damage to that tissue will be present in the serum at concentrations no higher than a few micrograms per litre, several orders of magnitude lower than the concentrations of the major serum proteins. Detection of myocardial species by the electrophoretic methods noted above thus requires the analysis of volumes of serum of at least 1 ml. Conventional crossed immunoelectrophoresis is limited to sample volumes of 15 pl, and two-dimensional gel-electrophoresis patterns become distorted if loaded with more than about 30,d of unfractionated serum. Experimental procedures have thus been developed to permit precisely reproducible fractionation of serum polypeptides and to allow the analysis by two-dimensional gels and crossed immunoelectrophoresis of larger volumes of the fractions obtained.
Two methods of serum fractionation by affinity chromatography have been employed. In method I, 3ml of serum is applied to a 6cm x 1.25 cm column of N6-ATP-hexylamineagarose (AGATP type 2, International Enzymes Ltd., Windsor, Berks, U.K.) equilibrated in 20m~-ammonium acetate, pH 6.7. After thorough washing with this buffer, the bound proteins are eluted with 2 ~-K c 1 / 6 M-urea/SOmM-Tris/Hcl, pH 7; this fraction is then concentrated to l m l by vacuum dialysis against 6 M-urea/lOmM-ammonium acetate, pH 7. In method 11, 3 ml of serum is applied to a 25cmx 1.Scm column of Cibacron Blue-agarose (Blue Sepharose C L 6B; Pharmacia Fine Chemicals AB) equilibrated in 20m~-Tris/HCI (pH 6.6)/5 mMMgC1,/0.4 m~-EDTA/2,~~-2-rnercaptoethanol, and is washed through with this buffer. Further fractions are eluted by raising the pH of the running buffer or by washing the column with increasing concentrations of NaCI. All fractions are concentrated to 1 ml by vacuum dialysis as in method I. The column is washed with 2~-KC1/6~-urea/SOm~-Tris/HCl, pH 7, to remove bound serum albumin before re-equilibration.
After concentration, all the samples are adjusted to 9 Murea/5% (v/v) 2-mercaptoethanol/3% (v/v) Nonidet P40 (BDH Chemicals Ltd.). Each sample is then divided between two isoelectric-focusing gels prepared as described by O'Farrell (1975) , except that the gels are cast to fill only the lower half of long (230mm x 2.5mm internal diameter) glass tubes. The upper half of each tube thus accommodates approx. 0.5ml of sample, containing protein derived from 1Sml of serum. The gels are run as described by O'Farrell (1975) .
After completion of focusing, one of each pair of gels is equilibrated into buffer containing 10% (w/v) sodium dodecyl sulphate/5% (v/v) 2-mercaptoethanol and applied to a seconddimension slab gel essentially as described by O'Farrell (1975) . The other isoelectric-focusing gel of the pair is equilibrated in 80m~-Tris/24 mM-Tricine { N-[ 2-hydroxy-1,l -bis(hydroxymethyl)ethyl]glycine}/0.3 mM-calcium lactate, pH 8.6. It is then placed on a glass plate (170mm x 94mm x 1 mm), parallel to and 2cm from the longest edge of the plate, and embedded by covering the surrounding area up to 3cm from that edge with 8ml of 1% (w/v) agarose melted in Tris/Tricine buffer. The remainder of the plate is covered with 15ml of 1% agarose in Tris/Tricine buffer, as above, but containing 1.5ml of antiserum obtained from rabbits injected with homogenates of human heart muscle in 9 M-urea/S% (v/v) 2-mercaptoethanol/ 3% (v/v) Nonidet P40. The remainder of the procedure is identical with standard crossed immunoelectrophoresis.
Heart proteins present in fractions derived from post-infarct sera by affinity chromatography will appear as peaks on these immunoelectrophoresis plates. The peaks should correspond to protein spots appearing on the two-dimensional gel at the same isoelectric points. Such species must be further identified by the absence of corresponding peaks and spots at the same positions when fractions from control sera are run.
This method thus allows the analysis of specific fractions of proteins from up to 1.5ml of serum by two-dimensional polyacrylamide-gel electrophoresis and by a correlatable immunoelectrophoretic technique. Under optimal conditions proteins present in serum at concentrations below 25 pg/litre can be detected. Preliminary results in the search for infarct-related species are encouraging, though further work is required to eliminate differences in serum protein patterns arising from population variability.
